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第二章考虑沿低维集的奇异积分算子的 Lp 有界性. 本章共有三个结果：




Ω ∈ L log+ L(Sn−1)和 h ∈ N1(R+)时，沿多项式曲线的奇异积分算子与极大奇
异积分算子是 Lp(Rn)有界的；第三个结果是考虑当积分核满足 Ω ∈ H1(Sn−1)




本章共有五个结果：第一个结果是证明当积分核满足 Ω ∈ L(log+ L)1/γ′(Sn−1)
和 h ∈ Hγ(R+) (γ > 1)时，沿多项式映射的奇异积分算子在 Triebel-Lizorkin
空间上是有界的；第二个结果是证明当积分核满足 Ω ∈ H1(Sn−1) 和 h ∈
∆γ(R+) (γ > 1) 时，沿齐性映射的奇异积分算子在 Triebel-Lizorkin 空间上
是有界的；第三个结果是证明当积分核满足 Ω ∈ L(log+ L)1/γ′(Sn−1) 和 h ∈
Hγ(R+) (γ > 1) 时，沿齐性映射的奇异积分算子在 Triebel-Lizorkin 空间上
是有界的；第四个结果是证明当积分核满足 Ω ∈ L(log+ L)1/γ′(Sn−1) 和 h ∈
Hγ(R+) (γ > 1)时，沿多项式曲线的奇异积分算子在 Triebel-Lizorkin空间上
是有界的；第五个结果是证明当积分核满足 Ω ∈ F̃β(Sn−1) (β > max{2, γ′})和


















子的 Lp 有界性. 本章共有三个结果：第一个结果是考虑当积分核满足
Ω ∈ Fβ(Sm−1 × Sn−1) (β > 1)时沿多项式复合曲线的多参数抛物型奇异积分算
子的 Lp 有界性；第二个结果是考虑当核满足 Ω ∈ Fβ(Sm−1 × Sn−1) (β > 1/2)
时沿多项式复合曲线的多参数抛物型 Marcinkiewicz积分算子的 Lp 有界性. 这
些结果改进和推广了许多已有的结果.第三个结果是给出乘积域上 Littlewood-
Paley函数的 L2 有界性的一个特征刻画. 通过这一刻画，我们得到了目前使得
多参数Marcinkiewicz积分算子的 L2有界性成立的一个最弱的粗糙核条件.
第五章研究一维情形下奇异积分交换子算子簇的振荡算子与变差算子的加
权 Lp 有界性. 我们建立了一个一维 Calderón-Zygmund算子的交换子算子簇的
振荡算子与变差算子的加权 Lp 有界性的判定准则.作为应用，得到了 Hilbert
变换的交换子算子簇及 Hermitian Riesz变换的交换子算子簇的振荡算子与变差
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Some Problems on Rough Singular Integrals
Associated to Lower-dimensional Sets
ABSTRACT
In this dissertation, we focus on the Lp boundedness of singular integrals asso-
ciated to lower-dimensional sets with rough kernels and the weighted norm estimates
of the oscillatory and variation operators for the commutators of Calderón-Zygmund
singular integrals in one dimension.
The dissertation consists of five chapters.
In Chapter One，we summarize the background of the related problems and state
the main results of the present thesis. We also give some notations and the outline of
this dissertation.
In Chapter Two, we focus on the Lp boundedness of one-parameter singular in-
tegrals associated to lower-dimensional sets with rough kernels. First, we study the
Lp boundedness of parabolic singular integral operators along polynomials compound
curves as well as the related maximal operators. Under the rather weakened size con-
ditions on the integral kernels are given by the sphere function Ω ∈ F̃β(Sn−1) for some
β > 0 and the radial function h ∈ ∆γ(R+) (or h ∈ Hγ(R+)) for γ > 1, the Lp map-
ping properties for such operators are established. The second result of this chapter
is to establish the Lp boundedness of singular integral operators associated to polyno-
mials compound curves as well as the maximal truncated singular integral operators
under a sharp size condition on its kernels in an extrapolation argument. The third one
is to obtain the Lp boundedness of singular integral operators associated to homoge-
neous mappings as well as the maximal truncated singular integral operators under a
sharp size condition on its kernels given by the sphere function Ω ∈ H1(Sn−1) and
the radial function h ∈ N1(R+) in an extrapolation argument. These results extend
and improve on previous results and the integral kernels are weakest recently.















associated to lower-dimensional sets with rough kernels on Triebel-Lizorkin spaces.
We give a criterion of boundedness for the convolution type operator on the Triebel-
Lizorkin spaces. With this criterion, we prove the boundedness of singular integral
operators associated to lower-dimensional sets with rough kernels on these spaces,
provided that the integral kernels are very rough both on the unit sphere and in the
radial direction. We note the following points: the lower-dimensional sets we consider
include polynomial curves, polynomial mappings and homogeneous mappings; the
sphere functions in the integral kernels include H1(Sn−1), L(log+ L)α(Sn−1) (0 <
α < 1) and F̃β(Sn−1) (β > 0); the radial functions in the integral kernels include
∆γ(R+) (γ > 1) and Hγ(R+) (γ > 1). In the rest of this chapter, we also obtain some
generalized results. The results extend and improve on previous ones and these results
are the best ones in the fields.
In Chapter Four, we establish the Lp(Rm × Rn) boundedness of parabolic sin-
gular integral operators and Marcinkiewicz integral operators associated to poly-
nomials compound curves under rather weak size of the kernels given by Ω ∈
Fβ(Sm−1 × Sn−1) for some β > 0. These results essentially extend certain previ-
ous ones. In addition, we also give a characterization of the L2 boundedness for the
Littlewood-Paley functions on product domains. As application, a new size condition,
which implies the L2 boundedness of the multiple parametric Marcinkiewicz integrals
with rough kernels and is weaker than previous ones, is given.
In Chapter Five, we give a criterion on the weighted norm estimates of the os-
cillatory and variation operators for the commutators of Calderón-Zygmund singular
integrals in dimension one. As applications, the weighted Lp-boundedness of the os-
cillation operators and the ρ-variation operators for commutators of the Hilbert trans-
form and the Hermitian Resiz transform are obtained. In addition, the corresponding
results for the λ-jump operators and the numbers of up-crossings associated with these
operators are also given.
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自上世纪 50年代 Calderón和 Zygmund建立奇异积分算子理论以来，它的
发展已历经三代：第一代为主值卷积型奇异积分，典型的代表是 Hilbert变换









设 h是一个定义在 R+上的函数，Φ是一个从 Rn到 Rd的映射，函数 Ω满
足下面条件：
Ω(tx) = Ω(x), ∀ t > 0和x ∈ Rn; (1.1.1)
∫
Sn−1
Ω(θ)dσ(θ) = 0. (1.1.2)





























∣∣∣, x ∈ Rd, (1.1.4)
其中 f ∈ S(Rd).
当 n = d，Φ(y) = y 和 h(t) = 1，算子 Th,Ω,Φ 回到了经典的奇异积分算子
情形，我们用 T 表示. Calderón和 Zygmund在文献 [1]中最早引入算子 T . 在
文献 [2]中 Calderón和 Zygmund证明了当 Ω ∈ L log+ L(Sn−1)时，算子 T 是
(p, p) (1 < p <∞)型的. 随后 Seeger在文献 [3]中证明了当 Ω ∈ L log+ L(Sn−1)
时，算子 T 是弱 (1, 1)型的. 这里的 L(log+ L)α(Sn−1) (α > 0)表示满足条件




|Ω(θ)| logα(2 + |Ω(θ)|)dσ(θ).
Connett 在文献 [4] 中把文献 [2] 中核的条件减弱为 Ω ∈ H1(Sn−1) (也可参看
文献 [5] ). 这里 H1(Sn−1)是单位球面 Sn−1 上的 Hardy空间. 它表示满足条件















, 0 ≤ r < 1和 θ, w ∈ Sn−1.
为进一步研究算子 T 的 Lp有界性，Grafakos和 Stefanov在文献 [6]中引入了函
数类 Fβ(Sn−1)并证明了当 Ω ∈ Fβ(Sn−1) (β > 1)时，算子 T 是 (p, p)型的，
其中 (β + 1)/β < p < 1 + β 和 Fβ(Sn−1) (β > 0)定义为
Fβ(Sn−1) :=
{













随后 Fan，Guo和 Pan在文献 [9]中将上述结果推广到沿多项式曲线情形上，
并将 p的范围扩大到 (2β/(2β − 1), 2β). 关于积分核属于 Fβ(Sn−1)的奇异积分
算子的研究，可参看文献 [7, 8]等. 我们指出上述核函数类具有下列关系：
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